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Abstract 


Nicandra physalodes (L.) Gaertn is a sub-shrub used in folk medicine for various purposes, as it is also considered a toxic plant. 
Due to its ethnobotanical importance, a study of vegetative organs (leaves, stem, root) of this species was carried out, for its 
micromorphological and histochemical characterization, with the objective of finding parameters to support the taxonomy and 
quality control of their ethnodrugs. Paradermic and cross sections were carried out on fresh samples of leaves, stem and root, 
from the plant collected in the municipality of Bananeiras, State of Paraiba, Brazil, as well as histochemical tests with specific 
conductors, following the usual techniques in botanical anatomy. It was observed that N. physalodes has an amphistomatic leaf 
blade, anisocytic and anomocytic stomata, 1-serial epidermis, sinuous anticlinical cell walls, dorsiventral mesophyll, 1-serial 
palisade parenchyma and the 3-4-serial spongy border; biconvex midrib, bicolateral, arched; semicircular petiole with lateral, 
adaxial projections, 5-6-seriate collenchyma and vascular system similar to the midrib, 2 central bundles and 2 accessories 
in the lateral projections. The stem is irregularly pentagonal, epidermis 1-seriate, angular collenchyma 3-4-seriate, prismatic 
crystals are observed in the cortex and medullary parenchyma, and the vascular system is amphiphilic siphonostelic. The 
root is circular, with the endoderm 1-serial, siphonostelic vascular system. Histochemical tests showed a positive reaction for 
lipids, lignin, starch, alkaloids, phenolic compounds and proteins in the rib, petiole and stem. The anatomical character set 
of the leaf epidermis, stem and root together with the histochemical data are distinctive for N. physalodes, who support her 


taxonomy and the quality control of her ethnodrugs. 
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Introduction 


Solanaceae Juss. It covers about 92 genera and 2000 
species, widely distributed across continents, with its main 
center of diversity being South America [1]. The family 
has species of great economic importance, mainly used in 
human nutrition, such for example as tomatoes (Solanum 
lycopersicum L.), potatoes (Solanum tuberosum L.), eggplant 
(Solanum melongena L.), and species of the genus Capsicum 
L. (peppers). In addition, it has species of pharmaceutical 
importance and also species with narcotic effects such as 
Nicotiana tabacum L., and used in urban ornamentation, 
among which Petunia Juss., Solanum L. and Physalis L. [2]. 


Nicandra Adans is a monotypic genus of Solanaceae, 
whose species, Nicandra physalodes (L.) Gaertn. This 
species is a sub-shrub, annual, with petiolate leaves and 
irregularly lobed limbus, the flowers are pentamerous, lilac 
to blue corolla, and the fruit is a spherical berry. The species 
originates from the Andean region of South America, and is 
distributed in tropical areas [1], including Brazil, where it is 
widely distributed in the Northeast and Southeast regions 


[3]. 


Popularly known in Brazil as “quintilho”’, the species is 
used in ethnomedicine as a tranquilizer and fly poison, from 
the decoction of the whole plant [4,5]. Phytochemical studies 
of the plant revealed the occurrence of groups of steroids 
and phenolic amides with pharmacological effects, among 
them, the protection of liver cells against damage induced 
by oxidative stress [6]. Biological studies reveal that the 
species has a diuretic effect, in addition to anti-inflammatory, 
antimicrobial and antidiabetic activities Gupta A [7]. 


Plant anatomy is an important taxonomic tool, helping 
to characterize and distinguish between species [8]. 
According to Judd WS [2], the anatomical characters provide 
subsidies for the construction of hypotheses of phylogenetic 
relationships and, in addition, the analysis of the chemical 
compounds of the plant are also useful for the determination 
of phylogenetic relationships between families and other 
taxonomic groups. Although N. physalodes is recognized 
as a species of importance in folk medicine, there are few 
studies addressing the anatomy of the species, restricting 
themselves to the studies by Metcalfe CR [9] who described 
the epidermis and mesophyll, focusing on leaf anatomy [10]. 


Given the ethnomedicinal importance of the species and 
the limited information available on the micromorphology of 
the vegetative organs of N. physalodes, a micromorphological 
and histochemical study of the vegetative organs (leaves, 
stems and roots) of N. physalodes was carried out in order to 
find characters distinctive micromorphological features that 
can act as an additional tool to the taxonomy of the species, 
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in addition to providing subsidy to the quality control of its 
ethnodrugs. 


Material and Methods 


Plant Material 


Fertile samples of N. physalodes were collected in 
September 2019, in the municipality of Bananeiras, Paraiba, 
Brazil (6°43’36.7”S and 35°37’43.2”W). Part of the material 
collected was herborized, following the usual techniques 
in botanical taxonomy described by Bridson D [11], with 
specimens incorporated into the collection of the Herbarium 
Lauro Pires Xavier (JPB) of the Federal University of Paraiba, 
and another part fixed in a 50% FAA solution [12], for 48 
hours and later stored in 70% ethyl alcohol for further 
anatomical studies. 


Anatomical Study 


Paradermal sections were made on both surfaces of 
the leaf blade, and transverse sections were made on leaves 
(petiole, midrib, mesophyll, and leaf margin), stem and 
root, freehand, with the aid of cutting blades on styrofoam 
support, following the usual techniques in plant anatomy 
described by Kraus JE [13]. The sections were clarified in 
sodium hypochlorite solution (10%), washed three times 
in distilled water, for five minutes, then neutralized with 
acetic acid (0.1%) and washed again in distilled water. The 
paradermic sections were stained with safranin (1%), while 
the cross sections were stained in safrablue, and finally 
mounted between slides and coverslips with glycerin (50%), 
analyzed and photographed under an optical microscope 
(Leica DM 750), fitted with a video camera (Leica ICC50 
HD). The terminology of the epidermal patterns and stomata 
types follows [14]. 


Both surfaces of the dehydrated leaflet samples 
(approximately 1 cm*) were examined after attaching 
them to aluminum stubs with double-faced adhesive tape, 
metallizing with gold (a ca. 24 nm thick layer), and scanned 
using JEOL JSM-5600 scanning electron microscopy (SEM) at 
15 kV. The terminology of the epicuticular wax follows [15- 
17]. 


Histochemical Tests 


Cross sections were performed on fresh samples of the 
leaf (midrib and petiole), stem and root. The samples were 
treated with specific reagents to detect the presence of the 
following substances: lipids with Sudan IV [18]; proteins with 
Xilidine Ponceau [19]; starch with Lugol [12]; alkaloids with 
Wagner Reagent [20]; lignified elements with Phloroglucine 
Acid [12], and non-structural phenolic compounds with 
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Ferric Chloride [12]. 


Results and Discussion 
Epidermis 


Scanning Electron Microscopy (SEM): Scanning electron 
microscopy (SEM) showed some types of epicuticular waxes 
on the leaf surface of Nicandra physalodes. Among them 
there are the granules type (Figure 1a, orange arrow), the 
granules are irregular crystalloids, generally round with and 
isodiametric. Smooth layers (Figure 1a, blue arrow), also 
observed are continuous covering waxes, which do not show 


Figure 1: Leaf epidermis of Nicandra phisalodes observed by scanning electron microscopy (SEM) and light microscopy (LM). 
A-D: Epicuticular waxes: A. Epidermal surface showing granules (orange arrow), smooth layers covering stomata(blue arrow) 
and fissured layers (red arrow); B. crusts (green arrow) and fissured layers (red arrow); C. membrane platelets (yellow arrow); 
D. Detail of the epidermis highlighting open and closed stomata (purple arrow); E. adaxial surface showing anomotetracytic 
stomata (amt), F. Abaxial surface evidencing anisocytic (an), anomocytic (am) and prismatic crystals (arrow); G. Dorsiventral 
heterogeneous mesophyll showing epidermis ep), palig¢adic parenchyma (pp), spongy parenchyma (sp); H. Rounded board 
[ fledged leaf to the abaxial face. 
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prominence because they measure less than 1 micrometer. 
While the crusts (Figure 1b, green arrow), which are also 
continuous covering waxes, however with greater thickness, 
reaching more than 1 micrometer and slight prominence. 
Mev also allowed the identification of fissured layers (Figure 
1a, red arrow), this type of wax is thicker and crusty, with 
conspicuous fractures. In addition to these, membrane 
platelets (Figure 1c, yellow arrow) and visibly open 
and closed stomata (Figure 1d, purple arrow) were also 
identified. Membrane platelets are flat, membranous, usually 
interconnected crystalloids. 
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Ecologically, epicuticular waxes perform protective 
functions for plants, acting as a barrier against abiotic 
and biotic factors, such as against light, perspiration and 
pathogens [21]. However, waxes can be explored from 
another perspective, such as their taxonomic value, as 
emphasized by Barthlott W [16,17], who considers waxes 
as an element of great systematic significance, even took 
care to classify types and terminologies for waxes that are 
characteristic of specific botanical families. The fissured 
layers and crusts, recorded here in N. physalodes, are 
commonly found in succulent species (Asclepiadaceae, 
Cactaceae), characterizing themselves as a taxonomically 
important wax for the recognition of species of this group 
[16,17]. 


Although these waxes are generally found in these 
families, they can also occur in other groups of angiosperms, 
as is being referred directly here to Nicandra and also to 
Solanaceae. Studies on epicuticular waxes in Solanaceae are 
mostly about their chemical composition, which has also 
been used as taxonomic support, which are chemotaxonomic 
studies. In this research bias, we can highlight the work 
Khan Z [22] who researched the chemical composition of 
epicuticular waxes of the Solanum nigrum complex and 
concluded that based on the constituents of the waxes, 
a multivariate analysis indicated distances between the 
morphotypes and were interpreted as distinct species, while 
other morphotypes were closer, which still indicates that 
they are a variety or subspecies of Solanum nigrum. Waxes 
are therefore important for taxonomic support studies, 
whether with morphological or chemical approaches. Thus, 
the results reported here for the first time for Nicandra 
physalodes add additional information for the recognition of 
the species and Solanaceae. 


In a paradermal section, the leaf epidermis of N. 
physalodes is glabrous and has sinuous anticlinal cell 
walls on both surfaces (Figures 1e-f). In cross-section, the 
epidermis is uniseriate on both surfaces (Figures 1g-h), with 
rectangular and rounded cells, being larger on the adaxial side 
and covered by a thin cuticle. The sinuous pattern of the cell 
walls observed on both surfaces of N. physalodes coincides 
with that previously recorded for the species by Nurit-Silva K 
[10], being the most frequent pattern in Solanaceae [8], and 
observed in other genera of the family, such as Nicotiana L. 
[23], Capsicum [24], and Solanum [25, 26]. 


The leaf blade is amphistomatic (Figures 1a-b), with 
anisocytic, anomocytic and anomotetracytic stomata on 
both surfaces, occurring at the level of the epidermal cells. 
The amphistomatic pattern with anisocytic and anomocytic 
stomata on both surfaces was previously observed for 
the species by Ferreira EA [9]and Nurit-Silva K [10], this 
stomata distribution pattern being common, but not the 
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only one, in Solanaceae species, such as Nicotiana glauca 
[23], S. polytrichum [25], S. cappsicoides All [27]. Nurit- 
Silva K [10] também registram a presenca de estématos 
anisociticos e anomociticos em N. physalodes, entretanto o 
tipo anomotetracitico é citado aqui pela primeira vez para 
espécie. 


Mesophyll and Leaf Margin: The leaf, in cross section, 
presents a dorsiventral mesophyll (Figure: 1g-h), with 
a palisade parenchyma uniseriate and the 3-4-seriate of 
spongy parenchyma, with cells of irregular sizes. According 
to Metcalfe CR [8], the dorsiventral mesophyll with palisade 
parenchyma is a common pattern in the Solanaceae family, 
previously observed in N. physalodes by Ferreira EA [9,10], 
and in other genus of family [22,26,28-31,33] 


The leaf margin has a rounded edge, slightly revolute 
(Figure 1h). Maple anatomy had not been previously studied 
for N. physalodes by Ferreira EA [9] and Nurit-Silva K [10]. 
The pattern observed for the species coincides with that 
observed for Nicotiana glauca by Nurit-Silva K [23]. 


Midrib: The midrib had a biconvex contour (Figure 2a), 
in cross-section, with uniseriate epidermis, followed by 
angular collenchyma, 3-4-seriate (Figure 2b), and the 
fundamental parenchyma consisting of rounded cells. 
The outline of the midrib observed here corroborates that 
recorded for N. physalodes by Nurit-Silva K [10], as well as 
for other Solanaceae species, such as Solanum lycocarpum 
[29], Physalis angulata [10], Solanum paniculatum L. and S. 
rhytidoandrum Sendtn [23]. The contour pattern of the plano- 
convex type is also recorded in species of the family, as in 
Nicotiana glauca [23]. The angular collenchyma observed in 
the midrib, petiole and stem of N. physalodes was previously 
recorded for another genus of Solanaceae, such as Nicotiana 
[23], Solanum L. [31,32], and Hyoscyamus L [34]. 


The vascular system is of the bicollateral type (Figure 
2c), with a single central bundle, in the shape of an arch. 
Idioblasts of prismatic crystals were observed in the 
fundamental parenchyma and in the vascular system (Figure 
2d). The bicollateral vascular system is a common feature 
of species in the Solanaceae family [8], and was previously 
observed in N. physalodes by Nurit-Silva K [10]. Prismatic 
crystals are cited here for the first time in N. physalodes, not 
being observed in previous studies for the species [9,10]. 


Histochemical tests revealed the presence of a lipid 
cuticle in the epidermis (Figure 2e) In the vascular system, 
lignified xylem was observed, while in the fundamental 
parenchyma the presence of alkaloids (Figure 2f), Proteins 
in the parenchymal and perivascular region (Figure 2g), 
phenolic compounds and starch grains (Figure 2h) was 
registered in the endoderm. 
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( grains (arrow). 


Figure 2: Anatomy and histochemical of the main ribs of Nicandra Physalodes. A. Overview of the ribs showing biconvex 
format; B. Detail of adaxial convexity by highlighting the angular collenchyma (Col); C. Detail of the bouncing vascular system 
highlighting external phloem (ph), xylem (xy) and internal phloem (ph). D. Detail of the vascular region highlighting prismatic 
crystals (arrows). E-H. Histochemical Tests: E. Positive reaction for lipids showing orange cuticle (arrow); F. Vascular region 
showing alkaloids; G.Proteins being evidenced in the parenchyma and vascular region (arrows); H. Endoderm showing starch 


J 


Petiole: The petiole, in cross-section, is adaxially winged and 
has a semicircular outline (Figure 3a). The cortical region 
presents the same characteristics observed in the main vein 
(Figure 3b). The bicollateral vascular system has four bundles, 
two of which are larger central, in the shape of a semi-arc, and 
two smaller, rounded accessories, in the lateral wings (Figure 
3c). Idioblasts containing prismatic crystals occur in both 
outer and inner phloem (Figure 3d). The winged petiole is a 
taxonomic character of N. physalodes, corroborating what was 
registered by Nurit-Silva K [10], including the organization of 
the vascular system. In Nicotiana glauca, Nurit-Silva K [23] 
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observed the occurrence of a central beam in the form of an 
open arch, while in Physalis angulata three central beams in 
the form of an arch are observed [10]. In both species smaller 
bundles are observed at the ends of the petiole, as observed 
in N. physalodes. Histochemical tests showed the presence of 
a lipid cuticle in the epidermis, lignified xylem in the vascular 
bundle (Figure 3e), proteins in the parenchyma and xylem 
(Figure 3f), in addition to phenolic compounds, alkaloids 
(Figure 3g) and starch grains (Figure 3h) in the parenchyma 
and endoderm. 
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Figure 3: Anatomy and histochemistry of the petiole of Nicandra physalodes. A. General view of petiole showing winged 
biconvex shape; B. detail of the cortical region highlighting the angular collenchyma (col) and cortical parenchyma (pc); C. 
Detail of the vascular system showing phloem (ph) and xylem (xy); D. Detail of the parenchyma and phloem region showing 
prismatic crystals (cp)arrow. E-H. Histochemical tests: E. Positive reaction for acid floruglucine, showing lignified xylem; F. 
Proteins in the vascular region (arrow); G. Positive reaction to alkaloids in endoderm; H. Starch grains in the endodermis. 
S 4 


Stem: The stem, in cross-section, has an _ irregularly 
pentagonal outline (Figure 4a). The uniseriate epidermis 
is formed by tabular cells, covered by a thin cuticle (Figure 
4b), and presents sparse, simple, biseriate and stipitate 
glandular trichomes (Figure 4c). In the wider portions of 
the sinuosities of the stem, the cortex was observed with 
3-4 strata of angular collenchyma, similar to that of the 
petiole, followed by a fundamental parenchym. In the deeper 
portions of the sinuosities, the cortex is filled only by 2-5 
strata of fundamental parenchyma, where crystalline sand 
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idioblasts and prismatic crystals are observed (Figure 4c). 
The irregularly pentagonal outline of the stem observed in N. 
physalodes differs from the circular pattern observed in other 
groups of Solanaceae, such as in the genera Cestrum L. and 
Sessea Ruiz, et al. [35], Datura L. [36], and Physalis [37]; and 
the quadrangular pattern observed in Capsicum and Solanum 
species [36]. Thus, the outline of the irregularly pentagonal 
stem of N. physalodes presents taxonomic potential for the 
recognition of the species. 


Copyright© Fatima Agra MD, et al. 


Open Access Journal of Botanical Insights 


Figure 4: Anatomy and histochemistry of the stem of Nicandra physalodes. A. Overview of the stem showing irregular grooved 
pentagonal shape; B. Detail of the cortical region showing uniseriate epidermis (ep), glandular trichome (tg) and angular 
collenchyma (col), C. Wide view showing glandular trichomes (gt) in the epidermis, cortical region, vascular bundles (vb) 
and prismatic crystals; D. Detail of the vascular system, shown external phloem (ph) cambium (cam), xylem (xy) and internal 
phloem (ph). E-H Histochemical tests: E. Positive reaction for lipids, showing cuticle (arrow); F; Positive reaction for proteins 
(arrows); G. Starch grains in the endodermis; H. Positive reaction for alkaloids. 


XN 


J 


The vascular system is of the siphonostelic-amphiphloic 
type (Figure 4d), formed by five free bundles, organized close 
to the projections (Figure 2d). The medullary parenchyma 
is well developed, formed by irregularly rounded cells 
and occupying most of the stem (Figure 2c). The vascular 
organization of the stem of the siphonostelic-amphiphloic 
type observed in N. physalodes, was previously recorded in 
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other species of Solanaceae, as in Solanum torvum Sw. [32] 
and in species of the Cestreae tribe occurring in Argentina 
[35]. 


Prismatic crystals were observed in the cortex and 


medullary parenchyma (Figure 2c). Idioblasts of the 
prismatic crystal type observed in this study in the midrib, 
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petiole and stem of N. physalodes, had not been previously 
reported for the species [10], which is an additional character 
observed here, with taxonomic potential for recognition of 
the species. In Solanaceae, crystalline sand idioblasts are 
commonly observed [23,31,33], and more rarely drusen 
[28,32]). Histochemical tests showed lipid cuticle in the 
epidermis (Figure 4e), lignified xylem in the vascular bundle, 
proteins (Figure 4f) and phenolic compounds in the cortical 
region, in addition to starch grains (Figure 4g) and alkaloids 


Figure 5: Anatomy and histochemistry of Nicandra physalodes root. A. Overview of root showing circular shape; B. Detail of the 
cortical and vascular region showing uniseriate epidermis (ep), cortical parenchyma (pc), endoderm (end), xylem (phloem) 
and xylem (xy); C. Detail of the xylem showing vessel elements (ev); D. Detail of the central region showing reduced pith (mp); 
E-H Histochemical tests: E. Test with acidic phloruglucine showing elements of lignified xylem; F. Proteins being evidenced in 
the perivascular region of the xylem, xylem rays and points close to the medulla (arrow); G. Phenolic compounds highlighted 
(in the root epidermis and cortical parenchyma (arrow); H. Positive reaction for alkaloids in the root xylem (arrow). 
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(Figure 4g) in the fundamental parenchyma and endoderm. 


Root: The root in the primary structure, in cross-section, has 
a circular outline (Figure 5a). The circular contour observed 
in the root of N. physalodes corroborates with that registered 
in other Solanaceae species, such as in S. caavurana [31] and 
S. torvum [32]. Adjacent to the uniseriate epidermis (Figure 
5b), the 4-5-stratified cortical parenchyma is observed, 
followed by the uniseriate endodermis (Figure 5b). 
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The vascular system has a siphonostelic organization, 
with a single circular vascular bundle (Figure 5a). The 
phloem is obliterated towards the cortical portion and the 
xylem is well developed in the central region, showing rays 
and vessel elements (Figure 5c). The vascular system with 
siphonostelic organization observed in N. physalodes differs 
from thatregistered in other species of Solanaceae. Protostelic 
vascular system formed by a massive cylinder of xylem 
(Figure 5c) in the central portion, without the occurrence 
of medullary parenchyma, is a common feature in Solanum 
species, with tetrarch edges in S. rhytidoandrum [23] and S. 
torvum [32], and hexarch edges in S. paniculatum [23] and S. 
caarvurana [31]. The medullary portion is reduced, formed 
by smaller parenchyma cells, close to the xylem, larger and 
more rounded in the medullary portion (Figure 5d). 


Histochemical tests showed lignified xylem elements 
(Figure 5e) and starch grains and protein in the perivascular 
region of the root (Figure 5f). Phenolic compounds were 
found sparsely in the epidermis and part of the cortical 
region (Figure 5g), while alkaloids were identified only in 
the xylem region of the root (Figure 5h). The presence of 
starch grains in the cortical parenchyma of the roots is a 
characteristic of the Solanaceae family [8], also observed in 
Solanum caavurana [31] S.paniculatum and S. rhytidoandrum 
[23]. 


Conclusion 


Nicandra physalodes has characteristics common to 
Solanaceae species, such as the sinuous contour of the 
anticlinal epidermal walls, anisocytic and anomocytic 
stomata, uniseriate epidermis, biconvex main vein, angular 
collenchyma and collateral vascular system. However, a set 
of characters such as anomotetracytic stomata, adaxially 
winged petiole, irregular pentagonal contour in the stem, 
organization of the siphonostelic vascular system in the 
root, and the occurrence of prismatic crystal-type idioblasts, 
present taxonomic potential for species identification and 
distinction. from other Solanaceae genera. Histochemical 
tests reveal the presence of common metabolites in 
Solanaceae species, especially alkaloids, a substance of great 
importance in the family. In this way, the micromorphological 
study of the vegetative organs of N. physalodes revealed a 
set of useful characters to its taxonomy, contributing to the 
quality control of its ethnodrugs. 
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